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fluorescent Pseudomonadsg produce a single Pel with an approximate Pl of 9.7-10.0
and an approximate molecular weight of 41-492 KDa. Some biochemica] Properties
of Pel purified from P fluorescens and from p, viridiflavq have been
determined, These Properties include Km, Vmax, and optimal pH, temperature,
and ion requirements for catalytic activity, The Prts pProduced by both



the most destructive and the most often-found decay on ap array of horticu]t
commoditieg including Potatoes, tomatoes, lettuce ang pPeppers. Previously, it wag
assumed that Erwiniq Species were TeSponsible for mogt of the decays, A study
conducted at the Eastern Regional Research Center in 1987 indicateq that
bectolytic bacteria in diverge genera includmg Erwinia, Peudomonas

Pathologica] function of each individya] 180zyme is also not clear., However, it hag
been repeatedly demonstrated that the 150zyme with an alkaline PI (9.5 or higher)
1S much mmore efficient jp inducing tissue-maceration than those with neutra] or
acidic pJs. The biochemical basis for the difference ip tissue-macerating ability



In order to determine if Pseudomonas Pel also exists in multiple isozymic forms
similar to those demonstrated in Erwinia, we employed isoelectric-focusing (IEF)
and overlay activity-stain techniques to analyze the Pels produced by various
strains of pseudomonads (4). All eight strains of P. viridiflava examined were
found to produce a single Pel with an approximate pl of 9.7. And al] ten strains of
P. fluorescens examined were also found to produce a Pel with an appproximate
Pl of 10.0. Production of a single alkaline Pel therefore represents a common
feature among soft-rotting pseudomonads.

and ion exchange chromatography (4,8). Analysis of énzyme samples by SDS-
polyacrylamide gel electrophoresis revealed that the Pels of P. fluorescens and
P. viridiflava had been purified to near homogeneity. The molecular weights

slightly different in other biochemical properties including Km, Vmax, and
optimal pH and temperature for activity (Table 2). For example, the optimal
temperature for P, fluorescens Pel is 46°C: whereas the optimal temperature for
P. viridiflava Pel is 52°C. Calcium is absolutely required by both Pels for activity,
and the activity is inhibited by EDTA. The optimal calcium concentration for
activity is in the range of 0.3 to 0.8 mM. In addition, the heat stability of both Pels
is greatly enhanced in the pPresence of positively-charged molecules such as
calcium or polylysine, but reduced in the presence of negatively-charged

required for tissue-maceration,
ISOLATION OF MUTANTS DEFICIENT IN ENZYME PRODUCTION

Recently, the mechanism as to how the bacterium translocates proteins across
the inner and outer membranes has been the subject of extensive investigations in
a number of laboratories around the world (13). A simple two-step model for
exoprotein secretion in Gram-negative bacteria is illustrated in Fig.1. At the

mutants that gare deficient in Production of Pel, protease (Prt), and
exopolysaccharide (Alg) (Table 3). The Pe] mutant showing negative reaction in



pectolytic but positive in proteolytic assays resulted evidently from the insertion of
Tn5 into the pel gene. The Prt mutant, on the other hand, showing negative

insertion of Tn5 into the prt gene. The loss of pectolytic activity in Pe] mutants ig
accompanied by the loss of tissue-macerating ability. However, the loss of

bacterium to induce soft-rot; proteases produced by the bacterium however do not
seem to play any signigicant role in tissue-maceration. The Out mutant,
characterized by producing reduced levels of énzymes in the cells, results
presumably from the inactivation of oyt gene involved in the export of both Pe]

viridiflava strain SJ074 and efficiently expressed in E. coli. After a series of
deletion subcloning and analysis by transposon mutagenesis, the pel gene was
located in a 1.2-kb PstI-BglIl genomic fragment. This fragment appears to
contain a promoter at the Pstl end required for self-expression. The cloned pel
gene is capable of restoring the Pel-producing and the disease-causing ability in
Pel-negative mutants previously isolated by Tn5 mutagenesis (11). By using the
cloned pel DNA as a probe, we were able to detect pel homologs in a number of
bacterial pathogens which normally did not produce Pels in culture (6,11). The

region and a consensus signal peptidase recognition sequence (Ala-X-Ala) have
been identified. The potential ribosomeLbinding site (AAGGA) is situated 11 bases
upstream of the translational start codon (ATQ). Furthermore, a Potential Rho-



Fig.3). To determine if the leading 29 aa of the predicted Pel-coding sequence
indeed function as a signal peptide, these Sequences were fused to a DNA
fragment encoding the mature cucumber chitinase gene. After being introduced
into E. coli, this construct was able to direct the synthesis of high levels of
cucumber chitinase in the bacterium (2; and Fig.4).

PHYSIOLOGICAL REGULATION OF PEL PRODUCTION

At present, very little is known about the biochemical mechanism governing
Pel production in soft-rotting pseudomonads. In the majority of P. fluorescens
strains, Pel production is induced by pectic substrates. However, in some strains,
Pel production is not affected by the type of carbon sources included in the
medium, Recently, we have examined the mode of Pe] production in 24 strains of
P fluorescens ( 10). We found that Pel production in four out of 24 strains was not
induced by pectic substrates but by calcium. When grown in glycerol-containing
media, these four strains produced ten times more Pel in the medium
supplemented with 1 mM calcium-chloride than in that without the calcium-
chloride supplement. Furthermore, the Pe] produced by bacteria grown in the
calcium-contaim'ng medium was largely excreted into culture fluids; whereas the
Pel produced b bacteria grown in calcium-deficient medium was retained within
the cells. Calcium is thus required not only for the synthesis but also for the

suggested that one possible approach to control Pseudomonas rot is to limit the



contain two distinct loci repA and repB involved in the regulation of Pel, Prt and
exopolysaccharide production (9). A cosmid clone carrying the putative repA
locus has been identified in the library constructed from the wild-type strain of P.
viridiflava. Complementation studies show that this clone is capable of restoring
the ability of some Rep mutants to produce Pel, Prt, and to form mucoid colonies,

exopolysaccharide production is not clear. We suspect that the rep gene may
encode a positive activator protein. An interaction between this Rep protein and
the cis-acting element (possibily present in pel, prt and alg genes) is required
to activate gene expression of the enzymes and exopolysaccharide synthases (Fig.

poorly in E. coli. It is presently unclear as to why Pseudomonas genes usually
€xpress very poorly in E. coli. One possibility is that the promoter of
Pseudomonas gene such as pel and prt does not follow the typical -10/-35
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CONCLUDING REMARKS

By use of molecular genetic and recombinant DNA technologies, we have
identified, cloned and characterized a set of disease-related genes from the soft-
rotting bacteria P. fluorescens and P. viridiflava. All of these genes (pel, prt,
out, and rep) are involved in the production or secretion of extracellular
enzymes (Pel and Prt) and exopolysaccharide (Alg). We have provided genetic
and biochemical data demonstrating that production of Pel is absolutely required
by the bacteria to induce soft-rot in plants. However, the exact mechanism of how
the out and rep genes controls secretion and synthesis of Pel remains obscure
and needs to be further investigated. We are currently very interested in knowing
if rep genes control production of other biomolecules in addition to Pel, Prt, and
Alg. A better understanding of the Rep function may provide a new means for us
to genetically improve the effectiveness of Pseudomonas strains as disease-
control agents (5) and to increase the yield of industrially-important proteins
produced by certain members of Pseudomonas species.
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